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(57) ABSTRACT 

An integrated management system is provided for automati 
cally executing a procedure of revieWing and editing an 
assembly reference and a bonding speci?cation used for 
manufacturing IC packages. The system includes a draWing 
management system (DMS) that creates the assembly 
reference, and a bonding speci?cation draWing system that 
creates, based on the assembly reference, the bonding speci 
?cation. The integrated management system further includes 
a DMS database server that stores and manages the assem 
bly reference and the bonding speci?cation, a DMS ?le 
server that manages a blank diagram, a package outline, a 
bonding diagram, and a standard ?le, and a DMS Web server 
that provides a Web interface to a user for permitting a 
remote access. In particular, the draWing management sys 
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MANAGEMENT SYSTEM FOR AUTOMATED 
WIRE BONDING PROCESS 

This application claims priority to Korean Patent Appli 
cation No. 2002-12895, ?led on Mar. 11, 2002, the contents 
of Which are hereby incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to semiconductor integrated 

circuit (IC) assembly technology, and more particularly, to a 
system for integrally managing data required for an auto 
mated Wire bonding process. 

2. Description of the Related Art 
The assembly technology used for packaging and inter 

connecting electronic components is becoming a highly 
important ?eld that affects the efficiency of computers or 
other kinds of electronic systems. A semiconductor chip 
package assists a semiconductor IC chip to be settled in the 
electronic system, and provides proper surroundings to 
guarantee good reliability and suitable operation of the IC 
chip. The package also electrically connects the IC chip With 
the electronic system. 

With conventional plastic packages, a detailed description 
of the package assembly process is given beloW. The pack 
age assembly process begins With a Wafer in Which a great 
number of circuitries are already formed through the Wafer 
fabrication process. The Wafer is subjected to an electric die 
sorting (EDS) test. Depending on the result of the EDS test, 
failed dies (i.e., poor IC chips) in the Wafer are marked With 
ink. The Wafer is then saWed and divided into individual IC 
chips. A passed die (i.e., good IC chip) is bonded to one 
portion of a package base, for example, a die pad of a lead 
frame. This die bonding process typically; includes a step of 
coating adhesive material such as silver-poxy onto the 
package base, a step of placing the IC chip on the package 
base and a step of curing adhesive material. Thereafter, Wires 
electrically connect the IC chip With another portion of the 
package base, for example, leads of the lead frame. Tape 
automated bonding or ?ip chip bonding can be alternatively 
used for such electrical connection. The IC chip and the 
package base are encapsulated in a plastic body by molding. 
Outer ends of the leads are bent into a suitable form, and a 
product number, etc. is marked on the plastic body. The 
?nished package is then subjected to tests in reliability and 
electrical properties. 

In the package assembly process, the Wire bonding tech 
nology is most Widely used for electrical interconnection 
betWeen the IC chip and the lead frame. The Wire bonding 
process should attain high throughput and economical pro 
duction yield. For this reason, a high-speed Wire bonder 
having a handling system and an image sensing system is 
generally employed. The handling system supplies the lead 
frame to a Worktable, and the image sensing system permits 
the IC chip to coincide With a bonding diagram. An auto 
matic thermosonic bonding is a high yield interconnection 
process that uses heat and ultrasonic energy to form a 
metallurgical bond. Typically, a gold Wire is used and a ball 
bond is formed at one end and a stitch bond at the other. A 
ball is formed on the tail of the Wire Which extends from the 
end of a capillary. A hydrogen ?ame or an electronic spark 
may be used to form the ball. The capillary descends and 
presses doWn the ball onto an electrode pad of the IC chip 
While ultrasonic vibration is applied. After the ball is bonded 
to the IC chip, the Wire forms a loop by sequential actions 
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2 
of the capillary. Then, the capillary deforms the Wire against 
the lead of the lead frame, producing a Wedge-shaped bond. 
The cycle is completed and ready for the next ball bond. 
As described above, the Wire connects the electrode pads 

and the leads one by one. Therefore, the high-speed Wire 
bonding process requires information on both a chip layout 
and a lead frame structure. Further, there is a need for 
integrated management of both chip layout data and lead 
frame design data. 

In order to enhance the production yield of the package 
assembly process, especially the Wire bonding process, a 
good design rule of the IC chip should be primarily estab 
lished and observed. The design rule has to accord With a 
speci?c type of the package to be manufactured and should 
be ?tted to current assembly equipments. Further, it is 
desirable that the determination of the design rule is made 
before chip laying-out. As the siZe of the IC chip is reduced 
and the number of input/output pins is increased, an area 
necessary for electrical connection in?uences a chip siZe. In 
other Words, reductions are required in electrode pad siZe, 
pad pitch, process tolerance, etc. Moreover, the chip layout 
directly in?uences automation and reliability of the assem 
bly process. It is therefore preferable to incorporate the 
design rule into a chip layout CAD (computer aided design) 
system. For example, a Wire bonding template that indicates 
ball bond and stitch bond positions based on the design rule 
is preferably used for the plastic package assembly process. 
By overlapping the template and the chip layout, a design 
engineer can determine desirable positions of the electrode 
pads. 

For automation of the assembly process, it is also essential 
to apply data in each assembly step to subsequent assembly 
steps Without additional modi?cation or processing. A 
related technique is disclosed in US. Pat. No. 6,256,549 
issued to Cirrus Logic, Inc. Herein, a computeriZed database 
includes a table representing a list of part numbers. The 
database provides computeriZed links betWeen individual 
part numbers and associated manufacturing process data for 
different process steps or that part number. Rather than 
correlate data by hand, a user may click on a process step for 
a particular part number to instantly and accurately retrieve 
that data. Manufacturing process data may include Wafer 
back-lapping process data, Wire bonding data, testing 
parameters, packaging data, and marking data. 

Another technique related to assembly automation is 
disclosed in US. Pat. No. 5,608,638 issued to Advanced 
Micro Devices. Herein, a system and method including a 
user interface for automation of a build sheet is provided. 
The database icon or command of the user interface is 
executed to select an appropriate package for an IC chip, and 
a blank bond master is doWnloaded to the hard disk of the 
Workstation. The engineer can choose either the suggest die 
icon/command or the die cleaner icon/command to create an 
image ?le of the die pad ring based on a mask layer best 
representative of the die pad ring. Thereafter, the die pads 
and bond ?ngers are, identi?ed and a net list is complied 
When the Wire bonding icon or command is executed to 
create a bonding device diagram Without the die image. A 
die image is created based on a mask layer best represen 
tative of the die using either the TIF to AutoCAD icon/ 
command or the GDS to AutoCAD icon/command. The Die 
Image Merge icon/command merges the die image With the 
bonding device diagram to complete the build sheet. 
Thereafter, an IC package may be fabricated based on the 
bonding device diagram. 
Though such conventional automation techniques may be 

helpful to an engineer Who makes a bonding diagram for the 



US 6,851,100 B1 
3 

automated Wire bonding process, a design or product engi 
neer engaged in mass production line for packaging numer 
ous kinds of IC chips still needs much more improved 
automation technique. Additionally, a chip layout designer 
and a lead frame designer seldom bene?t by conventional 
automation techniques. Further, if there is no particular 
platform, e.g., UNIX Workstations, adapted for conventional 
techniques, an engineer or a designer has difficulty in using 
the automation techniques. Further, additional manual Work 
is needed to utiliZe design data or assembly data, created by 
a CAD draWing tool operating at existing Workstation 
platforms, as Assembly Reference or Bonding Speci?cation 
at actual mass-production lines. Unfortunately, this requires 
excessive manual labor and time consumption, and may 
cause unexpected human error. 

SUMMARY OF THE INVENTION 

In a preferred embodiment, an integrated management 
system is provided for automatically executing a procedure 
of revieWing and editing an assembly reference and a 
bonding speci?cation used for manufacturing IC packages. 
The system comprises a draWing management system 
(DMS) that creates the assembly reference, and a bonding 
speci?cation draWing system (eSPEC) that creates, based on 
the assembly reference, the bonding speci?cation. The 
assembly reference has a bonding diagram, a package 
outline, a package pin con?guration and package pin coor 
dinates. The bonding speci?cation has a siZe of a chip, a siZe 
and a position of an electrode pad of the chip, a siZe and a 
position of a die pad, a length of a Wire, a position and an 
angle of the Wire, a bonding sequence, a datum point of the 
electrode pad, a datum point of a lead, a central point of the 
electrode pad, and bonding teach point of the lead. 

The integrated management system further comprises a 
DMS database server that stores and manages the assembly 
reference and the bonding speci?cation, a DMS ?le server 
that manages a blank diagram, the package outline, the 
bonding diagram, and a standard ?le, and a DMS Web server 
that provides a Web interface to a user for permitting a 
remote access. In particular, the draWing management sys 
tem comprises a bonding rule check module that veri?es 
Whether the bonding speci?cation meets a bonding rule 
suitable for an automated Wire bonding process. The draW 
ing management system produces the standard ?le to be 
transmitted to bonding equipments. 

Preferably, the draWing management system may provide 
an assembly reference revieW and an assembly reference 
edit. The draWing management system may also provide a 
pre-bonding, a batch modi?cation, an administrator menu, 
an information menu, etc. Additionally, the DMS database 
server can store bonding rule data. The DMS ?le server can 
produce a chip pad ?le from chip layout data and sends the 
chip pad ?le. The chip pad ?le may include dimensions of 
the chip, a siZe of an opening on the electrode pad, arrange 
ment and number of the electrode pads, a pitch betWeen the 
electrode pads, and a Width and a length of a scribe line. The 
DMS Web server can provide a blank diagram database, a 
package outline database, and a bonder vieWer. The bonder 
vieWer may display the bonding diagram retrieved through 
the DMS ?ler server according to bonding procedure. 

The system of the present invention may further comprise 
a CAD data processing module, Which performs a centering 
operation. The bonding rule check module has bonding rules 
based on a pitch betWeen the electrode pads. Preferably, the 
bonding rules includes rules related to a bonding pad open 
ing (BPO), an electrode pad layout for ?ne pad pitch, a chip 
pad design by pad pitch, a bonding Wire, and a chip 
dimension. 
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4 
The system of the present invention may further comprise 

a blank diagram building module, Which includes a reader, 
a creating module, and a Writer. The system may also 
comprise a package outline building module, Which includes 
a reader, a creating module, and a Writer. Similarly, the CAD 
data processing module may include a reader, a data pro 
cessing unit, and a Writer. The CAD data processing module 
can create a standard bonding diagram and send the standard 
bonding diagram to a bonder vieWer module. In addition, the 
BRC module may include a reader, a BRC unit and a Writer. 
The BRC module can provide automatic Wiring operation 
based on a chip pad ?le, or gate array processing operation 
Which builds veri?ed chip layout data into a chip pad ?le to 
meet a user’s request. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a user interface of an 
integrated management system in accordance With the 
present invention. 

FIG. 2 is a block diagram shoWing hardWare and func 
tional relation of an integrated management system in accor 
dance With the present invention. 

FIG. 3 is a How diagram shoWing sequential operations 
implemented in an integrated management system in accor 
dance With the present invention With regard to ASIC 
semiconductor devices. 

FIG. 4 is a How diagram shoWing sequential operations 
implemented in an integrated management system in accor 
dance With the present invention With regard to memory 
semiconductor devices. 

FIG. 5 is a plan vieW shoWing exemplary of a chip layout. 
FIG. 6 is a plan vieW shoWing exemplary of a lead frame 

blank diagram. 
FIG. 7 is a plan vieW shoWing exemplary of a bonding 

diagram. 
FIG. 8 is a plan vieW shoWing exemplary of a package 

outline. 
FIGS. 9A and 9B are a sectional vieW and a plan vieW for 

illustrating a design rule related to electrode pads. 
FIG. 10 is a block diagram shoWing modules for con 

structing a lead frame blank diagram database and a package 
outline database. 

FIG. 11 is a block diagram shoWing a module for pro 
cessing CAD data. 

FIG. 12 is a block diagram shoWing a module for check 
ing a bonding rule. 

FIG. 13 is a How diagram shoWing a date How in an 
integrated management system in accordance With the 
present invention. 

FIG. 14 is a How diagram shoWing revieW and edit 
procedure of Assembly Reference in an integrated manage 
ment system in accordance With the present invention. 

FIG. 15 is a How diagram shoWing revieW and edit 
procedure of Bonding Speci?cation in an integrated man 
agement system in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will be noW described more fully 
hereinafter With reference to accompanying draWings. This 
invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ment set forth herein; rather, this embodiment is provided so 
that this disclosure Will be thorough and complete, and Will 
?lly convey the scope of the invention to those skilled in the 
art. 
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Terms 

Among terms used in this speci?cation, a ‘Speci?cation’ 
means a standard, Which should be observed for making and 
using semiconductor IC products. A ‘Reference’ designates 
documents including basic information required for making 
the semiconductor IC products. For example, a ‘Design 
Speci?cation’ (hereinafter, referred to as ‘Design Spec’) 
de?nes operational voltage, current, speed, and timing rela 
tions betWeen internal signals or internal and external 
signals, etc. Further, a ‘Bonding Speci?cation’ (hereinafter, 
referred to as ‘Bond Spec’) includes chip siZe, electrode pad 
siZe and position, die pad siZe and position, Wire length, 
position and angle, bonding sequence, electrode pad datum 
point, lead datum point, electrode pad central point, lead 
bonding teach point, etc. An ‘Assembly Reference’ 
(hereinafter, referred to as ‘Assy Ref’) indicates basic infor 
mation necessary for assembly of IC products, especially, 
the automated Wire bonding process, and includes bonding 
diagram, pin con?guration, package outline, package pin 
coordinates, bonding rule check result, etc. 

Preferred Embodiment 
FIG. 1 is a block diagram shoWing a user interface of an 

integrated management system in accordance With the 
present invention. Referring to FIG. 1, the integrated man 
agement system 100 includes a DraWing Management Sys 
tem 200 (hereinafter, referred to as ‘DMS’) and a Bond Spec 
DraWing System 300 (hereinafter, referred to as ‘eSPEC’). 
When a user logs on the system 100, a start screen appears 
to alloW access to the DMS 200 and eSPEC 300. 

The Assy Ref is based on a Design Spec, Which is based 
on a development standard. The Assy Pef is used for 
documentation process in DMS 200 and provides basic 
information for packaging IC products, especially, the Wire 
bonding process. 

The DMS 200 includes an administrator menu 220, a user 
menu 240 and an information menu 260. The administrator 
menu 220 is for database construction and management. 
Through this menu 220, a user having authority of admin 
istrator creates and manages a package outline DB 221, a 
blank diagram DB 222, a gate array DB 223, a classi?cation 
index 224, a bonding rule management 225, and a general 
information 226. Herein, data stored in the blank diagram 
DB 222 are not limited to lead frames used for typical plastic 
packages, rather, include other kinds of package bases such 
as a printed circuit board (PCB). The package outline DB 
221 includes the de?nition of package pins, a position of the 
?rst pin, pin numbering, etc. The blank diagram DB 222 
includes a position of a die pad, information on leads, a 
datum-point of the lead for a Wire bonder, and bonding teach 
points on the leads. The blank diagram DB 222 may be 
divided into separate databases according to package types. 
The gate array DB 223 includes design data on the position 
of the ?nished die pad. The classi?cation index 224 indicates 
hoW to sort various kinds of data stored in the databases. 

The user menu 240 includes a pre-bonding 241, a batch 
modi?cation 242, an Assy; Ref revieW 243, and an Assy Ref 
edit 244. The pre-bonding 241 provides a function of 
simulation for the Wire bonding in order to check and correct 
errors of the bonding diagram designed prior to the comple 
tion of the Assy Ref. The pre-bonding 241 may also have an 
additional function that displays a list according to electrode 
pad siZe When a user enters speci?c chip siZe and/or package 
type, and that permits a user to easily select desired pad siZe. 
The batch modi?cation 242 provides a function that, When 
parts of bonding positions are changed in a certain group of 
products, can modify a set of data equivalent for the change 
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6 
in a single program run. The Assy Ref revieW 243 provides 
a function that a user can revieW or search the Assy Ref 
already made. And the Assy Ref edit 244 includes functions 
of draWing and registering neW Assy Ref and modifying or 
deleting the Assy Ref stored in the database. All data 
corresponding to neW, modi?ed or deleted Assy Ref are 
automatically uploaded to servers of the system. 
The function of the administrator menu 220 and the user 

menu 240 is not limited to the above-described functions. A 
person skilled in the art Will appreciate that other types of 
functions can be used for implementing the present inven 
tion as long as it is Within the spirit and scope of the present 
invention. 

The information menu 260 of the system 100 is optional 
and may include a bonding rule help 261 and a CAE 
(computer aided engineering) ?le management 262. The 
bonding rule help 261 provides an explanation for the 
bonding rule, so that a designer entering the DMS 200 can 
refer to detailed bonding rules, such as electrode pad siZe, 
corner pad pitch, distance betWeen adjacent Wires, and Wire 
length and angle, during the design or the Assy Ref revieW 
or edit. The CAE ?le management 262 has a function of 
managing plenty of data ?les produced for the assembly 
process. For example, a chip layout in FIG. 5 and a lead 
frame blank diagram in FIG. 6 are produced by CAD 
draWing tools and saved as ?les With the extension form 
such as MI, GBR or DXF. Further, bonding diagram ?les 
compiled by the system 100 and stored in a database server 
have the extension form of DXF. In addition, a ?le server of 
the system 100 stores blank diagram ?les in the extension 
form of bcf, package outline ?les in the extension form of 
pkg, and standard ?les in the extension form of std. The 
CAE ?le management 262 also displays ?les by user logging 
in, and is a pathWay When pad ?les are transmitted from 
Workstation platform to PC platform. 

The eSPEC 300 of the system 100 includes a user 
interface such as a Bond Spec revieW 320 and a Bond Spec 
edit 340. Like the Assy Ref edit 244, the Bond Spec edit has 
functions of draWing and registering neW Bond Spec and 
modifying or deleting the Bond Spec being registered in the 
database. As described above, the Bond Spec includes chip 
siZe, electrode pad siZe and position, die pad siZe and 
position, Wire length, position and angle, bonding sequence, 
electrode pad datum point, lead datum point, electrode pad 
central point, lead bonding teach point, etc. 

FIG. 2 is a block diagram shoWing hardWare and func 
tional relation of an integrated management system in accor 
dance With the present invention. As shoWn in FIG. 2, the 
system 100 includes a DMS database server 400, a DMS ?le 
server 500 and a DMS Web server 600. The system 100 also 
has a blank diagram database building module 700, a 
package outline database building module 710, a CAD data 
processing module 720, a BRC bonding rule check) module 
730 and a bonder vieWer module 740. 

The DMS DB server 400 stores several kinds of data 410 
such as Assy Ref data, Bond Spec data, basic information 
and bonding rule data. 
The DMS ?le server 500 creates a blank diagram 510, a 

package outline 520, a bonding diagram 530, a standard ?le 
540 and a chip pad ?le 550, and transmits them. For 
example, the bonding diagram 530 can be sent to outside 
makers 760. The chip pad ?le 550 is produced from chip 
layout data as exemplarily shoWn in FIG. 5. Referring to 
FIG. 5, the chip layout has a semiconductor IC chip 50, a 
plurality of electrode pads 51 and a chip identi?cation mark 
52. The chip layout of FIG. 5 is draWn by using chip design 
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CAD tools, e.g., “OPUS CADENCE” of Cadence Design 
Systems, Inc. or “Apollo” of Avanti, Corp. Such a chip 
layout can be made by using a mask layer of chip electrode 
pad employed during the IC chip fabrication. Achip pad list 
is retrieved from chip layout data, and the chip pad ?le 550 
is created by using a chip I/ O utility (reference number 1200 
of FIG. 12). The chip I/O utility is a tool that operates at a 
Workstation platform and that, by using chip layout data and 
design data, creates the chip pad ?le 550. 

Referring to FIGS. 5, 9A and 9B, the chip pad ?le includes 
a large number of data such as the dimensions (‘a’><‘b’ in 
FIG. 5) of the IC chip 50, the siZe of an opening (‘BPO’ in 
FIG. 9A) on the electrode pad 51, the position of the chip ID 
mark 52, the arrangement and the number of the electrode 
pads 51, the position of the ?rst pad, the pitch (‘e’ in FIG. 
5) betWeen the electrode pads 51, and the distance (‘i’ in 
FIG. 5) from the electrode pad 51 to the edge of the chip 50. 
The chip pad ?le further includes the Width and length data 
of a scribe line (not shoWn), information about connection 
betWeen the pad and the lead, the number of BGA balls, the 
pad function name (i.e., pin name), and physical data on 
electrode pads. 

Returning to FIG. 2, the chip pad ?le 550 is a CAD ?le 
With, e.g., GDS ?le format, Which is converted into a DXF 
?le format by the DMS ?le server 500. In other Words, an 
automatic conversion is made from a ?le format available 
for the Workstation platform to a neW ?le format available 
for the PC platform. The ODS ?le format and the DXF ?le 
format are kinds of standardiZed graphic CAD data ?le 
formats, Which are Well knoWn in the art. Therefore, a 
detailed description about the ?le format Will be omitted. In 
the DMS ?le server 500, the blank diagram 510, the package 
outline 520, etc. Will be described later. 

The DMS Web server 600 is linked to a netWork (not 
shoWn) for alloWing the access of a remote user, and 
provides Web services based on the World Wide Web. The 
netWork linked to the Web server 600 may be a computer 
netWork of interlinked using TCP/IP, a local area netWork 
(LAN) linked by a coaxial cable or optical ?ber, or a Wide 
area netWork such as an integrated services digital 
netWork (ISDN) and a broadband ISDN (B-ISDN). 
Preferably, the DMS Web server 600 has a security system 
such as ?reWall that enforces an access control When a 
remote user enters. The security system exists to block bad 
traf?c and to permit certi?ed traf?c. The Web server 600 can 
provide Web services by draWing up Internet documents 
With hypertext markup language (HTML), and create active 
real-time Web applications and dynamic Web pages by using 
Java technology of Sun Microsystems, Inc. Additionally, the 
Web server 600 can also make Web pages more interactive by 
using Java applets or common gateWay interface (CGI). 

The DMS Web server 600 includes a blank diagram 
database 610, a Web service for an Assy Ref register/edit 
620, a Web service for batch modi?cation 630, a package 
outline database 640, a Web service for a Bond Spec 
register/edit 650, and a Web service for a bonder vieWer 660. 
The blank diagram DB 610 is linked to the blank diagram 
DB building module 700, and the package outline DB 640 
is linked to the package outline DB building module 710. 
The Bond Spec register/edit service 650 is connected to both 
the CAD data processing module 720 and the BRC module 
730. The bonder vieWer service 660 is connected to the 
bonder vieWer module 740. Abonder vieWer ?le permits the 
display of the bonding diagram in the database 410 through 
the ?ler server 500. In other Words, the bonder vieWer can 
provide prearranged bonding procedure in order on screen 
so that an engineer can check in advance the bonding 
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procedure before actual bonding process. Data produced in 
the bonder vieWer module 740 are transmitted in the form of 
text to bonding equips equipment 750. 
The blank diagram DB building module 700 and the 

package outline DB building module 710 Will be described 
later. The CAD data processing module 720 converts data 
draWn by the CAD draWing tools into data suitable for the 
bonding process. For example, a centering operation is 
performed in the data processing module 720. In case of 
memory devices, the trend of today is toWard a center pad 
type in Which the electrode pads are disposed at central 
portions of the active surface. Therefore, the chip layout and 
the lead frame blank diagram are often in a one-tone ratio. 
This requires each separate blank diagram depending on a 
speci?c chip layout. Accordingly, to speed up CAD draWing 
operations, only the connection betWeen the lead of the lead 
frame and the electrode pad of the chip is de?ned and used 
during the CAD draWing operations Without de?ning center 
points of the lead and the pad. The centering operation 
corrects a resultant CAD draWing ?le and provides a stan 
dard bonding diagram based on corrected data. 

BRC (bonding rule check) 
The BRC module 730 provides a function of verifying 

Whether the bonding diagram meets the Design Spec. For 
example, the Design Spec is prepared based on electrode pad 
pitch of the chip and, regardless of process, classi?ed 
according to electrode pad types, package types and/or 
makers. The package types are QFP (quad ?at package), 
PLCC (plastic leaded chip carrier), DIP (dual inline 
package), TSOP (thin small outline package), BGA (ball 
grid array), and so on. The bonding rule includes minimum 
pad pitch, i.e., a minimum one among distances betWeen 
centers of tWo adjacent electrode pads. Based on the mini 
mum pad pitch, the bonding rule is determined. Further, the 
bonding rule may vary by the minimum pad pitch according 
to assembly process capability. The bonding rule also 
includes a large number of rules related to a bonding pad 
opening (BPO in FIG. 9A), an electrode pad layout for ?ne 
pad pitch, a chip pad design by pad pitch, a bonding Wire, 
a chip dimension, and so forth. 
The rules related to the BPO prescribe the siZe of the BPO 

and intervals associated; With the BPO. Referring to FIG. 
9A, the BPO de?nes an exposed upper region of a metal 
layer 910 for the electrode pad. The metal layer 910 is 
formed at a particular location on the active surface of the IC 
chip covered With an insulating layer 912, and connected to 
internal circuitry (not shoWn) of the IC chip. During the 
Wafer fabrication process, a passivation layer 915 is coated 
on both the metal layer 910 and the insulating layer 912 and 
partly etched to form the BPO. Reference number 916 
represents an overlay portion betWeen the metal layer 910 
and the insulating layer 912. The rules of the BPO siZe 
depend on hoW many Wires reach the BPO for bonding to the 
electrode pad. In other Words, the BPO may receive either a 
single Wire or at least tWo Wires. The former case is indicated 
by reference numbers 920 and 930, and the latter case is by 
940. Aminimum siZe of the BPO affects the siZe of the Wire 
because a larger ball of the Wire may cause damage to the 
passivation layer 915 around the BPO or shorts betWeen the 
adjacent Wires. The rules of the BPO intervals prescribe a 
space betWeen the adjacent BPOs, and a distance from the 
BPO to a scribe line, especially from the outermost BPO to 
the scribe line. 

The rules related to the electrode pad layout for ?ne pad 
pitch are applied to smaller pad pitch, for example, 100 pm 
and less. The ?ne pad pitch rules prescribe a minimum 
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corner pad pitch, the number of corner pads, a space between 
minimum corner BPOs, etc. The chip pad design rules by 
pad pitch prescribe spaces betWeen the electrode pads, 
peripheral circuitry and the scribe line. The rules regarding 
the bonding Wire de?ne the dimension and angle of the Wire. 
When building the blank diagram DB of the lead frame, a 
Wire dimension database is established according to the 
package type, the BPO siZe, and/or the pad pitch. The Wire 
length limits a maXimum length from the electrode pads to 
lead bonding points. The Wire angle means an angle betWeen 
the chip side surface and the bonding Wire, generally ranging 
from 45 degrees to 60 degrees. The rules related to the Wires 
may include a length of the Wire passing over the IC chip, 
i.e., a distance from the center of the electrode pad to the 
edge of the chip. Too much longer length causes Wire 
sagging that the Wire sags and touches at the edge of the 
chip. The rules for the Wires may also include a space 
betWeen the adjacent Wires or betWeen the Wire and the lead. 

The rules related chip siZe includes chip pitch, i.e., the 
siZe of chip plus the Width and length of the scribe line. The 
chip pitch means a step siZe in the Wafer. The chip siZe and 
the scribe line Width and length being separately recorded, 
the chip pad ?le is created and recorded in the BRC. The 
rules for chip siZe may further include a distance from the 
BPO to the scribe line, a distance from the outermost BPO 
to the scribe line, a distance from the chip edge to the die 
pad, and the minimum and maXimum of the chip thickness. 

FIG. 3 is a How diagram shoWing sequential operations 
implemented in the system With regard to ASIC semicon 
ductor devices. As shoWn in FIG. 3, in a CAE step 30, the 
CAE draWing tool draWs chip layout data, from Which the 
chip pad ?le 550 is created. Further, the lead frame blank 
diagram 510 is produced from the original draWing of the 
lead frame. The CAE draWing tool is, for eXample, a 
Workstation platform based on X-WindoWs system. Next, in 
a database building step 33, the Assy Ref or the Bond Spec 
is created by using the chip pad ?le 550, the lead frame blank 
diagram 510, and the BRC module (730 in FIG. 2), and then 
corresponding databases 34 are built therefrom. In a report 
automatic creation step 35, the bonding diagram is generated 
from the databases 34 and submitted for registration of neW 
Bond Spec. After acceptance 36, the neW Bond Spec is 
registered and edited to create the standard ?le in the bonder 
vieWer module (740 in FIG. 2). The standard ?le is then 
transmitted to the bonding equipment (750 in FIG. 2). 

FIG. 4 is a How diagram shoWing sequential operations 
implemented in the system With regard to memory semi 
conductor devices. As described above, in case of the 
memory devices, a bonding diagram draWn in a CAE step 40 
should be converted for the bonding process. A date pro 
cessing or correcting step 42 produces a standard bonding 
diagram in the CAD data processing module (720 in FIG. 2) 
by performing, for eXample, the centering operation. The 
resultant standard bonding diagram is registered as the Bond 
Spec (step 45), edited in the DMS bonder vieWer module 
740, and transmitted to the bonding equipments 750. 

FIG. 10 is a block diagram shoWing modules for con 
structing a lead frame blank diagram database and a package 
outline database. Referring to FIG. 10, the lead frame blank 
diagram and the package outline draWn by a CAD draWing 
tool 1010 are transmitted, for eXample, from CAE LAN to 
PC LAN, by a transmitting utility 1020. As depicted in FIG. 
6, the lead frame blank diagram displays, for eXample, a die 
pad 60, tie bars 61 and inner leads 62. As illustrated in FIG. 
8, the package outline displays, for eXample, a contour of the 
package 80, pins 82 and an indeX mark 84. Typically, the 
?rst pin 82-1 is located in the proximity of the indeX mark 
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84. The pin number is assigned in a counter clockWise 
direction FIG. 8 shoWs TQFP (thin quad ?at package) 
having one hundred pins. 

Returning to FIG. 10, the lead frame blank diagram 
building module 700 (also shoWn in FIG. 2) includes a 
reader 702, a creating module 704, a managing module 706 
and a Writer 708. The reader 702 reads CAD ?les With MI, 
GBR and DXF formats and sends them to the creating 
module 704. The creating module 704 receives the CAD 
?les and converts them into the format of DXF. In other 
Words, the MI, GBR and DXF formats are standardiZed into 
the DXF format. The managing module 706 controls data of 
the lead frame blank diagram. The Writer 708 stores the 
blank diagram to the blank diagram DB 610 (also shoWn in 
FIG. 2). Ablank diagram ?le (*.bcf) in the DMS ?le server 
(500 in FIG. 2) is one that stores data into a speci?c format 
after reading the blank diagram ?le With DXF format stored 
in the database 610. Referring to FIG. 7, such data are the 
dimensions (‘c’><‘d’) of the die pad 60, the position of the 
?rst lead 63, the bonding teach point 65, the lead number, the 
lead frame siZe, etc. 

Returning again to FIG. 10, the package outline building 
module 710 (also shoWn in FIG. 2) includes a reader 712, a 
creating module 714, a managing module 716 and a Writer 
718. The reader 712 reads CAD ?les With MI, GBR and 
DXF formats and sends them to the creating module 714. 
The creating module 714 receives the CAD ?les and con 
verts them into the format of DXF. In other Words, the MI, 
GBR and DXF formats are standardiZed into the DXF 
format. The managing module 716 controls data of the 
package outline. The Writer 718 stores the package outline to 
the package outline DB 640 (also shoWn in FIG. 2). A 
package outline ?le (*.pkg) in the DMS ?le server (500 in 
FIG. 2) is one that stores data into a speci?c format after 
reading the package outline ?le With DXF format stored in 
the database 640. Referring to FIG. 8, such data are the 
package contour 80, the number of the pins 82, the location 
of the indeX mark 84, etc. 

FIG. 11 shoWs the CAD data processing module 720 also 
shoWn in FIG. 2. As discussed above, this module 720 
converts data draWn by the CAD draWing tools into data 
suitable for the actual bonding process. As shoWn in FIG. 11, 
the CAD data processing module 720 includes a reader 722, 
a data processing unit 723 and a Writer 724. After the 
bonding diagram draWn by a CAD draWing tool 1110 are 
transmitted from CAE LAN to PC LAN by a transmitting 
utility 1120, the reader 722 reads ?les With MI, GBR and 
DXF formats and sends them to the data processing unit 723. 
The data processing unit 723 performs a centering operation 
for correcting center points and eXact bonding points on the 
electrode pad of the IC chip and the lead of the lead frame, 
thereby producing accurate data. The data are then stored 
With a speci?c ?le format such as DXF by the Writer 724. 
The Writer 724 creates a standard bonding diagram 1130 and 
sends resultant information to the bonder vieWer module 740 
also shoWn in FIG. 2. 

FIG. 12 shoWs the BRC module 740 also shoWn in FIG. 
2. The BRC module 730 has a reader 732, a BRC unit 733 
and a Writer 734. The reader 732 reads a pad ?le produced 
by a chip I/O utility 1200, a blank diagram ?le stored in the 
blank diagram database 610 (also shoWn in FIG. 2), and a 
package outline database 640 (also shoWn in FIG. 2). The 
reader 732 can read DXF ?les or teXt ?les. The BRC unit 
733 veri?es Whether particular IC products meet the bonding 
rule described above. The BRC unit 733 also performs 
Wiring and gate array processing operations. The Wiring 
operation provides automatic Wiring function based on the 
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pad ?le, editing function for a defect Wiring, and altering 
into special Wiring such as Wiring between the electrode pad 
and the die pad. The gate array processing operation builds 
veri?ed chip layout data into a chip pad ?le so that a user can 
retrieve the chip pad ?le Whenever the user changes only the 
internal design Without altering basic layout. Check results 
of the BRC unit 733 are stored With a ?le format such as 
DXF or BVF (bonder vieWer ?le) by the Writer 734, then 
registered as the Assy Ref 1210, and sent to the bonder 
vieWer module 740. 

Data FloW 
FIG. 13 is a How diagram shoWing a date How in the 

integrated management system, centering on functions per 
formed by a combination of internal and external hardWare 

and softWare of the system. In FIG. 13, reference marks ‘V, 
‘4’ represent input and output of data, respectively. 

Referring to FIG. 13, at the outset, the CAD Workstation 
platform 1010 (also shoWn in FIG. 10) produces the lead 
frame blank diagram, the chip layout, the package outline 
and the memory bonding diagram (in case of the memory 
chip), and then inputs them into the DMS ?le server 500 
(also shoWn in FIG. 2). Based on input data from the CAD 
platform 1010, the DMS ?le server 500 creates the blank 
diagram ?le, the chip pad ?le, the package outline ?le and 
the memory bonding diagram ?le. The blank diagram ?le 
and the chip pad ?le are transmitted to the pre-bonding 241 
(also shoWn in FIG. 1). The package outline ?le is sent to the 
Assy Ref edit 620 (also shoWn in FIG. 2), and the memory 
bonding diagram ?le is sent to the CAD data processing 
module 720 (also shoWn in FIG. 2). Further, the DMS ?le 
server 500 produces the bonding diagram ?le, based on 
either the bonding diagram ?le With DXF format draWn by 
the pre-bonding 241 or the memory bonding diagram ?le 
With DXF format converted by the CAD data processing 
module 720. Thereafter the bonding diagram ?le produced 
by the DMS ?le server 500 is sent to the Assy Ref edit 620 
and the Bond Spec edit 650 (both also shoWn in FIG. 2). 
Further, the DMS ?le server 500 generates a standard ?le 
With STD format, based on output data from both the 
pre-bonding 241 and the CAD data processing module 720, 
and then sends it to the Assy Ref edit module 620. 

In the pre-bonding 241, input data are the blank diagram 
?le and the chip pad ?le, Whereas output data are the 
bonding diagram ?le and the standard ?le. In the Assy Ref 
edit 620, input data are the bonding diagram ?le, the package 
outline ?le and the chip pad ?le, Whereas output data are the 
Assy Ref ?le, the bonding diagram ?le and the standard ?le. 
The standard ?le is available for the bonding equipments 
750 (also shoWn in FIG. 2), including location data on start 
and end points of the Wires, Wire bonding sequence data, 
Wire bonding direction data, datum points establishing data, 
parameter grouping data, draWing rotation data, data on the 
origin, data on the number and position of the chips, and the 
others. 

The DMS Web server 600 (also shoWn in FIG. 2) uses the 
Assy Ref ?le and the bonding diagram ?le, produced by the 
Assy Ref edit 620, as input data The DMS Web server 600 
enters the Assy Ref ?le and the bonding diagram ?le into a 
body and an anneX of the Assy Ref document, respectively. 
The DMS Web server 600 also enters the Bond Spec 
outputted from the eSPEC server 300 (also shoWn in FIG. 1) 
into the body of the Assy Ref document, and provides Web 
services of the Assy Ref document to remote users. 

The Bond Spec edit 650 uses the bonding diagram as 
input data, and then outputs the Bond Spec, the bonding 
diagram and the standard ?le. This output is transmitted to 
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the eSPEC server 300 and the bonding equipment 750. The 
ESPEC server 300 receives the Bond Spec from the Bond 
Spec edit 650 and sends it to the DMS Web server 600. The 
bonding equipment 750 eXecutes the automated Wire bond 
ing process, employing the bonding diagram ?les and the 
standard ?les as input data. The bonding diagram ?les used 
in the equipment 750 are output from both the Assy Ref edit 
620 and the Bond Spec edit 650. In addition, the standard 
?les used are output from the bonder vieWer 740, as Well as 
the Assy Ref edit 620 and the Bond Spec edit 650. The 
bonder vieWer 740 (also shoWn in FIG. 2) receives the 
bonding ?le and the bonder vieWer ?le from the DMS ?le 
server 500 and then supplies the standard ?le to the bonding 
equipment 750. 
Assembly Reference RevieW/Edit Procedure 
FIG. 14 illustrates revieW and edit procedure of the Assy 

Ref. As depicted in FIG. 14, a user, such as a designer or 
assembly process engineer, logs in the system of the present 
invention (step 1410). The user selects the document edit, 
e.g., the Assy Ref edit 244 in FIG. 1, and enters requisite 
document information such as package types or chip types 
by directly inputting or choosing one in a list provided by the 
system (step 1412). DraWing information completed through 
the pre-bonding and the BRC is transmitted to the Assy Ref 
creation (step 1414) and stored in a database 350 of the 
eSPEC (300 in FIG. 1). The probonding and the BRC utiliZe 
draWing information supplied by the DMS ?le server 500, 
and the results of the pre-bonding and the BRC are sent to 
the DMS ?le server 500. An interchange of data is also made 
betWeen the Assy Ref creation and the DMS ?le server 500. 

After the Assy Ref is created, the document as the Assy 
Ref is returned to the document edit (step 1416) and sub 
mitted for approval (steps 1418, 1420). If approved, the 
document is registered (step 1422) and stored in the DMS 
database 410 (step 1424). If not approved, the document is 
revised and stored in the DMS database 410 (step 1490). The 
user can revieW or search the documents stored in the DMS 
server 410, together With approval information (steps 1426, 
1428). The documents in the DMS server 410 is supplied 
through Web services (step 1430). The remote user 760 can 
access information about registration or revision of the 
documents in the DMS server 410 through ?reWall (steps 
1432, 1434). 

Further, the Web services permit the access of engineers 
such as assembly process engineers and designers. The, 
engineers can revieW the documents stored in the DMS 
database 410 through the Web services 1430 (step 1472), and 
modify document information such as bonding sequence 
through the DMS ?le server 500 (step 1470). 
The CAD Workstation platform 1010 (also shoWn in FIG. 

13) produces CAD ?les of the blank diagram, the chip layout 
and the package outline, and sends them to the DMS ?le 
server 500 (step 1460). The DMS ?le server 500 provides 
the DMS administrator 220 (also shoWn in FIG. 1) With 
functions of managing the blank diagram, the package 
outline and the bonding rule (step 1456). The bonding 
equipment 750 receives the draWing information and the 
bonding sequence from the DMS ?le server 500 (step 1454) 
and performs the automated Wire bonding process. 
Bonding Speci?cation RevieW/Edit Procedure 
FIG. 15 illustrates revieW and edit procedure of Bond 

Spec. Referring to FIG. 15, a user logs in the system of the 
present invention (step 1410). When the user selects the 
Bond Spec edit (340 in FIG. 1), pre-bonding function and 
Wire correcting function are displayed (step 1512). Based on 
draWing information supplied from the DMS ?le server 500 










